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A FIDELITY AND STABILITY INVESTIGATION OF
SOLID-STATE TRANSCEIVER MODULES

INTRODUCTION

The purpose of this investigation was to determine, in terms of system perfisisianes, =
the pulse replication fidelity of groups of existing solid-state transceiver modules to. =" .~
determine their suitability for a future airborne early warning (AEW) coherent:MTI
with pulse compression. The function of the module, both in the transmit and
modes, is to amplify a linear frequency-modulated rectangular pulse (chirp). -In
process of amplification, a typical module will introduce some noise and dlstort-m

tends to degrade the level of performance of the entire AEW system. This experi

investigation sought to quantify the degradation introduced by representative sta
art modules.

the following categories:

® Pulse-amplitude droop,
® Pulse-phase droop,

® Ripple content in the amplitude of the waveform,
® Ripple content in the phase of the waveform,

® The results of deviations from a linear phase characteristic over the"
band, and

@ Spurious oscillations (including instabilities related to the rise and.fall

The first four distortions have been treated by numerous authors [1-3] A first
time-domain analysis of the fifth mechanism is included in this report. The ias
which has received little attention to date, is brought into play by the frequei v
tion and rise/fall times of the signals typically used for AEW application. The:
analysis of this mechanism is extremely complex, because of nonlinearity, and has ni
been addressed in this work. The effort reported here has been concentrated. o
tion of the aggregate distortion arising from all sources and determination of thmp,_
level of that distortion relative to the level of the carrier.

A doppler radar distinguishes moving-target returns from fixed- tar;,ol returns by Lhe
framionovy charantarictine nf tha ratriem agionale A woda Framy s . i O |
ATuinly (RaraClelisuds Gl wie ICVUIT Signass. A Telulrn 1¥roim a Lalgeu ll.d.\lllb d radia
velocity relative to the radar will experience a frequency shift fz which is pro
that velocity. The two-way doppler frequency shift is glven by f; = 2v/A, wh
wavelength of the signal transmitted by the radar and v is the radial velocity

radar platform and the target.




HARRY E. BARLOW

Typically AEW radar operation requires the detection of targets over a wide range of
velocities. It follows that the radar must respond to a correspondingly wide range of
doppler frequencies. Doppler filters are used to separate the velocily range into smalley
velocity bins. A signal at the outpuf of the filter would indicate the radar has detected
a target having a radial velocity relative to the radar plaiform that falls within the
velocity bin or response of the filter. If the distortion introduced by the module results
in a spurious signal occurring within the doppler frequency range, the system will be
unable to distinguish it from a target and will generate a false target indication. MTI
radar distinguishes a true farget from clutfer through comparison of target indieations
derived from successive pulses.

As will be seen later, the relative power level of the distortion introduced by the
module will place an upper limit on the clutter rejection achievable, The figure-of-merit
used to describe the performance of a given signal-processing technigue is the improvement
factor [, defined by I = r,fr;, where r, is the power ratio of the target-to-clutfer returns

at the output of the processor, averaged over all target velocities, and r; is the correspond-
ing guantity at the input.

The bagic limit on the improvement facior of the system is set by the variation of
the radar signal from pulse to pulse. This variation can arise in a number of ways:
® Variation in the cluifer characteristics with time,
® Variation in the propagation characteristics,

® Variation in the signal waveform presented to the fransmif portion of the
module,

4

® Variations arising in the {ransmit/receive sections of the module.

in operation the radiated pulse illuminates a target. Some energy is reflected back in
the direction of the radar and ultimately becomes an input to the processor. A {rain of
these received pulses is processed as a group. This processing, for radar systems on &
moving ptatform, will include compensation for platform motion. The processing scheme
envisaged employs a precanceler followed by a coherent integrator. Ideally the residue
from this processor iz entirely attributable {o target characteristics. If pulse-to-pulse
variations are infroduced by the module, a residue results which has the appearance of a
target signal. Depending on the characteristics of this residue, the processor may treat it
a8 a target-induced signal, which results in it being passed to the display, so that a false
target results. In this way, amplitude and phase variations in the module characteristies
place a limit on the detection capability of the radar.

Since the main emphasis here ig the AEW application, the stability of prime interest
is of short term. Short-term stability here refers to the stability of the system over the
period of integration. Typically this is from 16 to 24 pulses, so that for a low-PRE radar
the period over which stability is of interest is on the order of 0.1 second.
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Fig. 1 — First version of the initial test setup developed at NRL

EXPERIMENTAIL APPARATUS AND PROCEDURE

The experimental effort was in two phases. The first phase was performed-at NRL =
and consisted initially of the construction of two versions of the test setup. Mot ‘
induced distortion was observed. The experimental technique was refined and verifi
determine the best arrangement. The second phase, performed at RCA, Moot
[4], was a fully automated version of the earlier NRL experiment. The autotatsd™"
version of the experiment was designed to permit digital recording of the pulse
data on a real-time basis. A PDP 11-40 computer was used for control of the'R:
for timing, and for buffering the recorded data. The buffered data were then. fir:
to magnetic tapes, which were shipped to NRL for analysis.

Phase-One Experiment

The first of the two versions of the test setup employed at NRL is shown
This version was an exploratory setup simply incorporating only the key compon
an AEW system. It was primarily designed for a first look at the signals involved
determine the order of magnitude of the distortion effects.

One of these key components was the pulse-expansion/compresgion fxlternetwo i OO
NRL from Hughes Aircraft Corporation for a space application and was made
by Mr. Brooks Dodson of the Space Sciences Division of NRL. This network’

of the network is 1000:1. When the expanded pulse is routed through the ¢
line, the compressed output pulse is 120 ns wide. The time sidelobes are apy
22 dB down. The input power to compression network was kept at constant-leve
tests. Figure 2 shows the expanded and compressed pulses. -

The initial test setup was used to perform various tests on representative modu,
These tests revealed that the distortion introduced by a typical module was quite’
relative to the magnitude of the compressed pulse. This made measurement diffi
because the carrier tended to mask the much smaller distortion. Better rescli
needed to quantify the effects produced by the distortion. But this first co
did allow a nearly instantaneous qualitative evaluation of modules. A malfuncti
module could be identified quickly and with little effort.
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{a) Expanded {b} Compressed

Fig. 2 — Pulse ouiputs of the expansionfcompressian netweork

This initial test setup would be useful for production testing of modules, since it
provides a quick and thorough analysis of a modute's condition. Such a test would in
most instances obviate the need for expensive and time-consuming point-by-point phase
and amplitude response measurements. The time-domain response is indicative of the
overall response of the module, and any substantial deviation from the normat response
results in increased {ime-sidelobe levels or reduced peak main-lobe level. However for
accurate determination of the distortion either greater dynamic-range ar a lower signal-to-
distortion ratio was required.

The desived signal-to-distortion ratic was achieved by suporessing the main signal
pulse, this suppression being accomplished by modifving the original test setup through
the incorporation of a nulling scheme. The modified version of the test setup, which witl
be referred {o as the NRL time-sidelobe configuration, is shown in Fig. 3.

This modified verstion was emploved by NRL for distortion testing of state-of-the-
art modules made available by Mr. B. Podson of the Space Sciences Divigion at NRL. A
block diagram of one of these modules and photographs of its components are shown in
Fig. 4. The device under {est is placed in one arm of the bridge (Fig. 3), and a reference
length of cable is placed in the other arm. Both arms also contain line-stretchers and
attenuators for fine adjustment of the bridge.

An initial adjustment is made using all line stretchers and atfenuators. In subseguent
operation the reference arm is adjusted fo obtfain a maximum-depth null at the output of
the bridge. When the maximmum null is achieved, the residue at the output of the bridge
theoretically consists of the distortion introduced by the module. Some leakage due to
imperfect cancellation will generally be present.

For instance, when the module is excifed with a CW {ype pulse {as opposed ta the
FM pulse normally used in the actual measurements) the reference arm of the bridge can
be adjusted to achieve very low levels of power (60 dB less than the module ountput
powet} at the bridge output. When the same module is excited with a 13-Miz binear FM

4
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Fig. 3 — Second version (time-sidelobe configuration) of the initial
test setup developed at NRL
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pulse, the depth of the null will be found to have degraded some 20 dB. This phenomenon
is the result of two factors: one factor is that the module’s response differs slightly from
that of the reference arm, a pr{}p&rty which is accentuated by the FM signal, and the
other factor is that the module’s response to the FM signal includes some speciral com-
ponents not present in the reference arm of the bridge. While bridge was being adiusted
to obtain a deep null, the bridge output or residue was observed on a spectrum analyzer
and with a power meter. The nature of the nulls was such that the minimum-power
condition could be achieved for two close-together but distinct reference-arm lengths (the
depths of these nulls being identical to within 0.1 dB). The spectrum-analyzer presenta-
tion was used to ascertain which of the two settings of the reference arm which would
resudt in the most uniform spectrum cancelation. This null-adjusting procedure was

followed throughout both phases of the experiment.

When the hridge is adjusted for the deepest null, it is said to be iu the balanced con-
dition. In a given test the unbalanced conditions are identical to balanced conditions
except that the reference arm has been opened and terminated in a b0-ohm load.
Photographs showing the output of the compression network for the bridge in the
bhalanced and unbalanced condilions are given in Fig. 5. These photographs were taken
with RCA module 4 inserted in the bridge.

The Microwave Moduie Test Facility at NRL {Fig. 6a) was used te obiain phase and
amplitude data on RCA module 4 (Fig, 6b). The test facility is a complex and sophisti-
cated unit consisting of a number of custom and commercially available test equipments
including the Hewleti-Packard Microwave Network Analyzer, Type 854208 and iis
agsociated computer. The facilify is capable of automatically performing a large variety

of tecis on microwave modules while simiutltanesusly nerfarmine a certain amount of
LeELS on MICrowave IMOGUICE Wikl Smmkiantous:y periorming a ooriginl amount o%

analysis on the obtained data. The testing capability includes both CW and pulse-type
measurements. The CW capability is primarily oriented toward receiver evaluation, and
the pulse capability is oriented toward evaluation of higher power class-C transmiters.
The obtained data can be simultaneously analyzed to generate such parameters as the
mean, the average, the spread, and the system error.

{a} Bridge in the balanced condition (b) Bridge in the unbalanced condition

Fig. 5 — Compression-network output for the bridge of Fig. 3 with RCA module 4 inserfed in the bridge as
the device under test

8
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Phase-Two Experiment

The second phase of the experimental effort was directed at obtaining. puls
data on the distortion introduced by a module. The modules tested in this p
program were originally developed for the AFAR (Camel) Fractional Array Prog:
{Contract F30602-C-0118). Emphasis was placed on the measurement of intr -
variations in phase and amplitude and of pulse-to-pulse jitter. The results of these-meas- - -

urements at RCA were recorded on magnetic tapes, which were the « v o NRI Tor
reduction and for eventual use in radar simulation programs under .. .+ =1 K

The requirement for pulse-to-pulse data necessitated a substantial increas
complexity of the test setup. This increased complexity resulted primarily
incorporation of equipment to record in real time a sufficient number of ing
secutive pulses to provide useful resolution. To be useful, the recorded puls
to be long in terms of the radar processing cycle. A maximum length of 128
pulses was chosen after due consideration of system factors and of the test eq,mp ent.
required.

Figure 7 is a block diagram of the configuration employed for all module
ments during phase two of the experiment. This test configuration will be rel
the distortion test set (DTS). The DTS, in addition to the basic bridge cire
expansion/compression network, consisted of digital recording equipment, ti
electrenically controlled switches, and a PDP 11-40 computer with its associqte
equipment.

The digital recording equipment consists of synchronous detectors, analog:to
(A/D) converters, random access memories, interface circuitry, and some ming
ponents such as couplers, filters, and video amplifiers. The synchronous detectt
up an in-phase and quadrature (I and Q) base-band mixer network. This netw
used to detect the downconverted 40-MHz RF waveforms after they had beer

The A/D converters were Computer Lab HS-810’s, which are eight-bit blpo
devices. The A/D converters digitized the flltered and amplified I and @ out_p" 8

a random access memory (RAM) which served as interim storage. During I.ho m"

between pulses, the input/output (I/Q) control unit transferred the set of dala trom the
RAM to the core of the computer from which it is subsequently transferred t
magnetic tape. This procedure was necessary because of the limitations unpose
magnetic-tape unit on the data rate. Low-pass filters were used to clean .
and perform the I and Q operations on them prior to the A/D operation. \ ‘r.ec ¢-"1'|l
fiers and attenuators were used to obtain the proper signal level so as to maximizeith
dynamic range available from the A/D converters.

The timing circuitry included a master timer driven by a very stable ani
50-MHz synthesizer. The master timer is used in conjunction with a phase-I6€
an impulse-gate generator to provide the necessary signals for synchronizing th
waveforms of the pulse expansion/compression network and the analog-to-di
network. :
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Fig. 6a — NRL Microwave Module Test Facility

This timing circuitry was necessitated in part by problems that occurred within the
pulse-expansion/compression network after this phase of the experiment had begun. The
envelope and the 40-MHz carrier which made up the expanded pulse were net in syn-
chronism, and this resulied in a gystem jitter. This problem was thought to be brought
ghout by the use of one-shot multivibrators in the timing circuits of the pulse expansion/
compression network. Recognition of the inherently unstable character of muiltivibrators
led to the installation of new circuits to drive the pulse-expansion/compression network.
The new circuits derived their timing from the 50-MHz synthesizer, which provided
excellent stability characteristics.

The DTS included electranically controlled RF switches and was designed so that it
could be computer controlled. That is, the computer could automatically and quickly
switch the DTS from one test mode to another. Computer control was advantageous
because rapid switching greatly reduced any drift problems and because vast nurabers of
data could be taken in a short time.

In brief the DTS operates as follows when it is monitoring the compressed pulse.
The master timer generates the signals to drive the puise-expansion network. An expanded
pulse results which is filtered hefore entering the first mixer, where it is upconverted to
the operating frequency of the module. The expanded pulse is filtered again to block the
undesired image signal and is then amplified by a transistor amplifier cascaded with a TWT
to raise the signat level to that reguired to drive the bridge neftwork. The bridge network
is switched into either the balanced or unbalanced condition. In the balanced condition
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MODULE ID: RCA 4
TAPE D MBL 109
FILE ID: RCA4 6/14/74 RNO

INSERTION
PHASE ERRORS
FREQ GAIN DEG
11560.0 29.97 4.47
1166.0 30.07 5.91
1160.0 30.01 2.89
1165.0 30,03 2.68
1170.0 30.41 1.43
1175.0 30.16 1.39
1180.0 30.22 1.9%
1185.0 30.09 225
1190.0 30.34 1.12
1195.0 30.28 1.62
1200.0 30.39 1.23
1205.0 30.04 .
1210.0 30.28 .38
1215.0 30.18 -73
1220.0 30.27 -.bi
1225,0 30.35 -.97
1230.0 30.30 -.88
1235.0 30.07 -1.20
1240.0 30.18 1.25
1245.0 29.88 -.82
12560.0 29.78 -.56
12550 29.99 ~-1.851
1260.0 29.90 -1.13
1265.0 29.88 -1.42
1270.0 29.78 51
1275.0 290.88 -.69
1280.0 29.84 .45
1285.0 30.06 .16
1280.0 29.83 78
1295.0 29.98 R
$1300.0 29.74 .83
1305.0 28.99 .63
1310.0 29.80 29
1316.0 29.94 .67
1320.0 28.69 26
1325.0 20.8b 2,80
13300 29.83 1.28
1335.0 29.8b 2,06
1340.0 30.07 .27
1345.0 30.31 -.07
1349.9 29.91 -.35

Fig. 6b — Amplitude & phase data for
RCA module #4
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the reference arm is switched into the circuit. Tt contains a cable whose length .corre:

with the insertion phase of the module. The arm of the bridge which contains.the —
module under test also contains a high-power attenuator. This is used for redu {
power level to counteract the gain of the module. Both arms of the bridge.c
culators to help reduce mlsmatch effects and to provide isolation between

left untouched but the reference arm is opened and terminated in a 50—ohm
the switch from the balanced condition to the unbalanced condition the carr

level back to the level corresponding to that of the balanced condition. Th
any effects arising from factors sensitive to power level. The output of the:hr
downconverted to the nominal 40-MHz frequency range. The downconver

converters. The digital data are subsequently transferred to the magnetic tap _.

of the DTS itself. However every effort was made to reduce any artifact cont
the DTS. The two high-frequency lines between the upconversion and do
mixers were equalized to minimize the introduction of phase noise by the-
oscﬂlator Th1s was done when the bridge was unbalanced The electrical len

from the chirp generator and the 40-MHz CW local oscillator.

A signal-to-noise analysis was performed on the DTS [4]. Figure § is.a. part al -
diagram of the DTS showing typical signal and noise levels for the mode in wi e
compressed pulse is tested on transmit. All noise levels were referenced to a
The lowest signal-to-noise ratio was 57 dB, and this occurred at the input to- the
converters. The A/D converters were eight-bit devices; hence the quantlzatlon
about 58 dB [5] below the peak of the compressed waveform. Consequently-
level due to the contribution of the analog circuitry is approximately that due
quantization effects alone. A similar analysis of the other test modes shows:
analog noise level is always below or approximately eqgual to that of the qu
noise alone,.

The dynamic range of an eight-bit A/ converter is 48 dB. In this expemnent the
ratio of the main-pulse level to the distortion level was of interest. The madifi
linear FM carrier after it has been compressed. The level of the main pulse s
as the peak of the unbalanced response, and the level of the distortion was dete
from the balanced response. The balanced response results in the suppression -
pulse only; the distortion is not affected. The depth of the null in the balan
corresponds with the amount that the main pulse has heen suppressed. Thus
dynamic range of the experiment is increased by the depth of the nulil. Th
33 dB; thus the effective dynamic range of the experiment is about 78 dB.

11
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Table 1 — Test Modes. The Test Modes are cycled in the following 360-modé37
A1CC,CC C C G C G C) A repeated ten times, B, D, D, D, Dy D,D
repeated ten tlmes and B D D,D,D,D,D, D2Dzble B, repea%ed ten tlm‘

Test Number of
Me(si Description Samples
ode per Pulse
Ay Unnulled compressed pulse 1
(measured at peak of pulse)
B, Unnulled uncompressed 8
pulse
B, Unnulled uncompressed 120
pulse -
o Nulled compressed pulse 1 H'jz“', (28T -
(measured at peak of pulse) Tl .
Dy Nulled uncompressed pulse 8
D, Nulled uncompressed pulse 120

A particular test mode is defined by the condition of the bridge, the type-o
measured, the number of samples per pulse, and the number of pulses records
includes a listing of the various test modes. There are six test modes, but thi
analyze the data from only two of them: the unbalanced compressed- pulse m
the balanced (or nulled) compressed-pulse mode C; . '

All daia were recorded on seven-track magnetic tape. A description of thet
organization, record sequence, and record format is given in Tables 2 and 3. E
contains the data taken at one frequency for a signal module (or a single paif
for a cascaded configuration, with one in the transmit mode and the other in
mode}. Each tape consists of data taken on the module as the DTS is cycledt
various test modes, A total of 360 test modes are recorded on each tape '

Seventy tapes were delivered to NRL (Table 4). Data were recorded for- elght farans-fg .
ceiver modules at three frequencies, with the modules in the transmit mode, in -

s g N el mnoan

A
refcive u.l.UuCg &lia Cascaqaed.

These modules (Fig. 9) have a power output of 40 to 60 W peak power wi
instantaneous bandwidth extending from 1259 to 1391 MHz and a power gain' g
mately 27 dB in transmit. The receiver gain is approximately 27 dB with an
of less than 4.5 dB and a 1-dB compression point of -25 dBm. The modules

trimmed during their manufacture to track in phase within a 14. degree rms sp

of these modules,

13
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Table Z — Tape-File Organization {Number of files, ane; file terminator, two end-of-file
marks; number of records, 360; record size, variable depending on record 1D {Ay, By, etels
recording density, 800 bits/in. (215 bits/em); parity, odd)

Ta%i;%f;ne} Tape Characters
Parity Odd parity

5 Zero or garbage

4 Zero or garbage

3 002327 0000 2% 27 23 27 93 97 93 g7

2 0022 2% 0000 22 2% 22 26 22 96 92 96

1 02 26 00002l 28 gt 95 gt 95 gt 95

0 002 22 0000 20 2% 20 2% 20 24 20 of
N D B B
\\5/ Y § Y ¥
HEADER

Data Processing

The tapes generated during the course of the measurements underwent further
processing at NRL. This processing inciuded making a copy of the contractor-supplied
tapes. This was done to protect the original data and, at the same time, convert the data
from the original hyperdensity (315-bit/em) format to the high-density {21%-bit/cm} for-
mat. This conversion was necessary to prevent scheduling problems and for economical
handling of the tapes, since the available hyperdensity data-processing capabilify was
limited. The final processing step, prior to the analysis, was to depack the data and o
convert it 1o a format of ane computer word per data word. This made the data more
suitable for repetitive analysis.

Summary of Experimental Procedure

The experimental program was carried out in two phases: a feasibility phase and a

mananramont rnhaca Tha fancilhilifc n]nocn wae Arnanonarnan with tha r}ﬁ??a}ﬁﬂm ik ~F a gkl
measuremens I—usnai‘ LR ASALARILY  BAAIAST VWWao congcerned wiln ing YRS ment i & sutt-

able experimental apparatug with a sensitivity sufficient to expose the time-sidelobe
effects induced by the module distortions. The measurement phase was originally con-
ceived to be an implementation of the earlier experimental apparatus along with some
recording equipment to permit looking at the individual pulses on a real-time pulse-to-
pulse basis. The measurement phase tuwrned out to be significantly more involved due to
problems which became apparent after the recording capability was established.

14
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Table 3 — Tape-Record Formats

Size Format“;‘-“ ‘
Record R%iord — r 1
D Tape Bvtes Header
Characters Y Characters

Ay 1 520 260 8
By 2 4104 2052 8
Bgy 3 3848 1924 3
A KON aan 2

Ul = F LV [EANAV (&}
D, 5 4104 2052 8
D, 6 3848 1924 8

Tape Record Sequence:

Records 1 through 120 contain Test Sequence 1, repeated 10 times. A1C1 ClClClClClGlCl mlAl
(Ten times) ;

Records 121 through 240 contain Test Sequence 2, repeated 10 times,

B1D1D1D1 D1D1D1D1D1D1DlBl (Ten times)

Records 241 through 360 contain Test Sequence 3 repeated 10 times.
B2D2D2D2D2D2D2D2D2D2D2B2... (Ten times)

Records 361 & 362 are end of file marks,

The modules which were the subject of the investigation operated at 1250-to-1-
MHz, The pulse expansmn/compressmn network which generated the expande
delay lines and operated at 40 MHz. The instantaneous bandwidth of the exﬁ:_
pulse was 13 MHz, )

The test configurations used during the two phases of the experiment areshowmm
Figs. 3 and 7. They both operated in essentially the same manner. A mixeF
upconvert the frequency range of the expanded pulse to the module operating

routed El’ll'Ongﬂ the COmpIESSlOYl network and was compressea

In the analysis of the experiments certain simplifying assumptions regarding:
setup are made. These are that the expansion and compression operations und
another perfectly and that the frequency translations have no net effect. These-assump-
tions, which are based on the designed functioning of the components involved S
believed to be valid, particularly since the measurements made were of the sub
type. A module’s response was measured and then an appropriate length of tr:
line substituted for the module and the process was repeated. Thus the test se

a sense ralihrated
a sense caliorated.

15




Table 4 — Phase-Two Tapes Delivered to NRL

HARRY E. BARLOW

Attenuation Attenuation
Tape | Module { Freq. {dB) Tape | Module Freg. {4B8)
No. | No. | (MHz)|Mode No. No. |omyy| Mode
ACL B D ACIR D
o0 —* i3Z8 - — — 38 38m: 1266 | Hex @Al 28
1 — 1326 { Xmit [ 32 3 39 Blm 1286 [ Hev 35 27
2 3T 1328 | Xmit 28 17 a1 —% i3268 | Rev 35 28
3 18m 1226 ( Xmit | 38 20 42 37m 1326 | Rew 55 25
4 47m 1328 | Xmit | 33 i5 43 18m 1302 1 Hoxy 42 24
5 48m 1326 [ Xmit | 35 23 44 47m 1326 | Rev 52 35
G 43m 1326 [ Xmit | 32,5 1 17 45 48m 1326 | Rey 51 38.5
7 46m 1326 [ Xmit | 34.6 [ 17.5 46 43m 1336 I Rev 50 44
8 88m 1326 | Xmmit [ 32 18.0 47 48m 1326 | Rev i34 32
g 8lm 1326 | Xmit 31 i3.0 48 88m 1326 | Revw 45 az
11 —% 12668 | Xmit | 535 23 49 8lm 1326 ¢ Rey 45 K1)
12 3ITm 1266 [ Xmit | 31 14 51 —1 1386 | Rev 40 28
13 18m 1266 | Xmit | 32 18 ¥4 37m 1386 | Revw 52 &4
14 4Tm 12868 | Xmit | 25 13 83 18m 1388 { Rev 42 31
is 48m 1266 Xmit | 26 19 54 4Tm 1386 | Bov 45 as
i 43m 1286  Xmit | Z5 il 55 4 8iri 1386 | Rew 47 28
17 48m iZ688 | Xmit ; 36 18 56 43m 1388 | Hey i 36
i8 88m 1266 | Xmit | 38 21 B7 48m 1388 1 Rev 39 34
13 8im 1266 | ¥Xmit | 31 18 A8 88m 1336 | Rew 51 35
21 —t 1383 | Xmit ¢ 37 24 .t-‘tl 59 81m 1386 | Revy 48 35
z22 37m 1383 1 Xmit | 35 14 Ay g1 Z1lm-48m [ 1268 | Xmit-Rev 1 31 27
23 18m 1383 [ Xmit | 23 17.5 32 47m-88m | 1266 Kmit-Rev [ 34 27
24 47, 1383 [ Xmit | 32.5 |18 63 46m-18m | 1266 | Xmit-Bev | 85 20
25 48m 1383 { Xmit | 31 17 64 43m-3Tm | 1268 | Xmit-Rev | 38 20
28 43m 1383 [ Xmit 28 15 85 —4 1266 | Xmit-Rev [ 37 25
a7 46m 1383 [ Xmit [ 32 11 a8 Bim-48m [ 1326 [ Kmit-Rev ¢ 41 21 !
28 HEm 1383 [ Xmit | 28 is &7 47m-88m | 1326 | Xmit-Eex | 88 A}
2a Bim 1383 [ Xmit | 29 16 68 46mr18m | 18326 | Xmii-Rev [ 37 23
31 —¥ 1266 | Rev 40 25 86 | 43m-37m | 1326 | Xmit-Rev | 32 19
az2 37m 1266 | Rev 55.5 | 28 70 — 1326 | Xmit-Bev } 41 L 20
a2 18m 1288 ( Bov 48.0 1 29 71 8lm48m | 1388 | Xmit-Rev [ 35 18
34 47m 1268 | Rev 47,6 1292 72 47m-88m | 1386 ( Xmit-Rev | 85 16
35 4£8m 1266 | Rew 45.0 | 29 T3 46m-18m | 1388 1 Xmit-Rev | 37 1%
36 43m 1266 ¢ Rev 45,0 | 28 T4 43m-3Tm | 1386 | Xmit-Bev | 38 i
a7 48m 1286 1| Rev 43.0 | 26 75 —¢ 1386 { Xmit-Rev [ 40 33

*Ref.: Lo on, RF off.

T264.5-em ref. cable (module-37 length).
133-cm ref. cable tength.

$264.5-cm and 133-cm ref. cable lengths.
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POWER AMPLIFIER AND DRIVER
\

N
-28VDC O— PREAMPLIFIER >
-5vDC  O— DRIVER
-I5VDC O— / N _]>__

[ I .

LJ |- La

‘) 16,

M D ANTENNA-

RF TO O—{ 4-BIT ._|>__ ST

CIRCULATOR

A, L
MANIFOLD SF}'-I"I'F‘SI'ER - CHANNEL

T/R SWITCH

LMITER | S /b
WAT
LOW TR DUMMY...
N@l SWITCH LOAD
AMPLIFIER .
ROW fo B
COLUMN O
TRANSFER O—] LOGIC T/R DRIVERS
SHIFT Oo— T
T/R ND. | O j
T/RNO. 2 O

Fig. 9 — Transmit/receiver module tested

Table 5 — Phase Data for the Modules Tested

Phase (deg)

Module
No. |125911272 {1285 |1298] 1311 | 1324 | 1337 | 1350 | 136313
MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz ‘M

Transmit Mode

18m |396.6|388.0(390.6|393.7| 398.5| 403.2] 407.1| 396.9| 398.0|-
37m |401.6|3981(390.6]401.1| 405.1| 401.2 398.4| 401.6] 403.9
46m |375.1|381.6(392.2(396.1| 392.6| 398.5] 402.4| 405.7| 408.6
43m |385.3|385.4(398.4(403.7| 403.8| 399.2| 398.4| 402.6{ 410.3{-41
47m |353.1|360.0|371.4(380.1| 384.1| 384.0| 383.7| 386.8] 387.8]-

48m |3875.2]381.0(382.7(386.5| 392.0| 393.2| 392.4| 396.9] 402.1|
81m |393.2|397.1|402.6|405.0| 404.8] 403.8| 407.8| 403.7| 415.7
88m |376.2|359.7{367.9/381.6| 385.2| 388.6| 392.8| 392.2| 404.8

Receive Mode

104 21 _128 4 14Q S1_onn 91 _990 o

18{1’} 24. #7-5 =3913 =i72-4 TAUVT.. TALUUTIT TLUOW [TAVVL A TLLD.0
37m 17.1(-13.4|-43.4|-74.5(-104.3| -134.2( -164.3|-194.4 1=
45m 16.9(-13.7|-44.2| -76.4|-107.3| -188.5| -169.6[-199.6| -226.6 <2

43m 16.4(-14.3|-44.8(~76.7(-107.1| -137.5 -167.5|-196.8| -225.4
4Tm 14,5 -16.2|-46.4| -77.5(-107.2(-137.1; -167.2|-197.4| -227.1
48m 19. |-10.4|-39.7|~70.5] -99.8|-128.7[-158.1|-186.5|-214.7
81lm 8.5]|-21. |-49.7|-79.8|-108.9|-138.2} -167.8|-197.6|-225.7
B8m 22. | -8.2(-88.6|-70.1{--100.3{-130.3{-160.4|-189.9(-216.7

17
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ANALYSIS

The analysis is presented in the following two subsections. The first subsection
specifically addresses those aspects of the experiment concerned with the distortion
induced by the modules. An analysis of the bridge network/pulse compression filter is
oresented. The time-domain representation of the network response is discussed for
various forms of distortion. The second subsection addresses stability on both an intra-
pulse and interpulse basis. A spectral analysis is performed of the data generated during

tho snnand vhono Af fhn ovrarimant “'ith nnnnnn O PP W, PO gy §

ULIC OCCUILEU piiddc Gi biic TAPTIEIITIIY ¥ i’c:apt’.&...%: %sU b.[.lt: FHANE=LU= LIS leld.hLUlI

Time-Sidelobe Aunalysis

A schematic of a simplified version of the experimental setup in either Fig. 3 or Fig.
7 is given in Fig. 10a. The heart of the experiment is the bridge or cancellation network,
During the measurement, the residue or output of the bridge network is fed into a pulse-
compression line. The residue as it will appear at the output of the pulse-compression

line is analyzed using the paired-echo approach [1,2,6].

One arm of the bridge consists of the medule or device under test, an attenuator to
reduce the power output of the module, and a phase shifter to permit fine tuning of the
bridge. The other arm of the bridge serves as a reference arm and contains an attenuator,
a phase shifter, and a transmission line whase length has been chosen to correspond to
the time delay provided by the module. The transfer function of the entire arm containing
the maodule as it affects the video frequency modulation will be represented as Hy {w),

and the transfer function of the entire reference arm will be represented as Hg{w}, as
shown in Fig. 10b. Then the transfer function of the bridge network for the balanced or

nulled condition can be expressed as

Ey () = EH, (@) = E; -+ Uy (@) - Hy(@)},

where
E, = E,{w) = output signal from the bridge network,
E; = Ef{w} = input signal to the bridge network,

H (w) =transfer function of the bridge network {video frequency equivalent}.

g} Kilw}
ME g
ki
EO

£— %
/7< S 1 E. — — B =2 WMiwi-H wh iz
T W i Lo = h Wi LS
*;
{a) Physical modet (b} Analytical model

Fig. 10 — Simpilified version of either Fig. 3 or Fig. 7
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The transfer function of the arm containing the module can be writteﬁj
H, () = K(w)el®©),
where
H(w) = ¢ + B(w)
and
K(w) = A(w)e™/ 00w

Expressing A(w) and B(w) in Fourier series representations yields

A(w) =aq + Z an CO8 heww
n=1

and

B(w) = Z b, sin me'w.

m=1

If these expressions are approximated by their first harmonic term (n = 1),-an
approximations substituted into the expression for Hy (w), then the expressi

Hy(w) = {ayq +ay cos cw)ej[_bowwlsm(c'w)+¢].

The term &/%15In¢'w ¢an he expanded using a formula from the theory of Be "
to the first order, for small by: -

eib1sincw _ 1 +jby sin ¢'w.

Substitution of this expansion into the expression for H,(w) yields

If the term involving the cross product of the small quantities a1 and by 1sdr
Hy(w) = (ag + ay cos cw + jagby sin ¢'w)eltow*e)

No assumption has been made regarding the size of ag or bg. Cook and Bern
have shown that for phase distortions less than 0.5 radian it is permissible tgo
product terms and treat the amplitude and phase distortions as independent;
phase distortion in the module is on the order of +15 degrees over an opera}
width of a couple of hundred megahertz, significantly less than the value set;
Bernfield as an upper limit. Here the analysis is concerned with the instantdne
width of the video input signal (13 MHz). Thus the preceding approximatio;
ignores the cross-product terms should be acceptable. This approximation ;
as

rIT'l
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Hebowtey(, , D1 e
Hy{w) = age 1+;— cos cw +jby sinc w/.
¢

Since the reference arm contains only a length of transmission line and an attenuatar,
its transfer function may be writien as

Hz(h}) a’ - bOW+¢}

where
a, = total attenuation in the reference arm,
b%w = 15 the linear phase shift characteristic of transmission line,

¢’ = a constant-phase term.

Then the expression for E reduces to

¥

a
i R .

1+ — coscw+jb, sinc'w- — e
ag ]

E

el

b 6) { il {Bo-boyro-p i};

1
= _'2- Eiﬂoe

Evidently the balanced condition is achieved when a, = a,, &, = &, and ¢ = ¢'. Thus
the output in the balanced condition reduces io

A

cos ¢ + jb, sin c’zw)‘

a

|--l

Ey== Ba,

l

1 |

L f
o firbow e} K
@y

This expression for ¥, describes the transform of the output of the bridge network.
The output of the bridge then can be thought of as the inputf fo the pulse-comprression
fitter. In the experiment the compression-filter ocutput was viewed as a function of time.

To provide some intuitive feel for the nature of the output of the pulse-compression
filter, £, will be further examined. As expressed by the preceding equation, E, can be
described as a product of the input £}, a function H {w} which has a censtant—amphtude
characteristic and a phase characteristic which i3 prept}rhsﬁa} to frequency, and a
function which will be referred to as the distortion function H;{w). This is appropriate,
since Goldman [2, pp. 68-70] has shown that the constant-amplitude, lnear-phase func-
tionr produces a change in amplifude scale and a time delay only. In other words it s
free of distortion. Any distortion then can be atfributed to the function Hy{w}). Thus

E, = EH, {«)H {w),
where
1

Hu(w) = 5 age 0"

20
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and

a

o 1 Y

Hylw) = &— Cos Clo + Jby sIn ¢ .
0

echo concepts, following an analysis similar to that of Cook and Bemflel,, 1L
Goldman [2]

filter with a transfer function H{w) = H,( w)Hd(w) The input spectrum
network is E;(w) and the output spectrum is E;{w)H(w), so in the time (

e,(t) = % f E (w)e’ dw = % age;(t - by)

where

1~ .
E, = EiH,(w) and et) = 5= J‘ Ew)elt deo,

ey(t) = % j E, (0)H  (w)e™t dew

or, with the full expression for H;(w) substituted,

@0 a

PR 1 r - s N R . ) \ Wy L :
eqii) = E'-r J Eu(wj\? coscw +jb, sine w)e"‘"’ aod,
oo 0 )

which is a general expression for the distorted output time function when fitst -der
amplitude and phase distortion are both present.

The case in which only amplitude distortion is present corresponds-
Then if the cosine term is rewritten in terms of complex exponentials-as

ﬂl 01 ejcw + e—jcw
T CcosCcw = — '_'"_“‘2_“__""_ ,

a4y 2y
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the expregsion for the distorted cuiput signal becomes, after the indicated integration,

&‘1 ﬂ'l
u(t ey et -e)l = 5 et +e)+e(t' -0

“i i

]

H

where ' =t - by. The first and second terms of the distorfed output signal represent
advanced-in-time and delayed-in-time replicas of the undistorted signal e, (¢}, weighted by
a factor of ay/2a,. The replicas of the undistorted signal are symmetrically advanced and
delayed from the undistorted signal by a time interval e, as shown in Fig. 11a, and are
commenly referred to as paired echoes.

Mhry oitirntiarm 1
Ll SInidds.

Substitution of this asgsumption i

which, after the miegrand is expanded in terms of exponentials and the indicated inte-
gration is performed, becomes

agb
2

2e,4(t) = bife,(t+c')-e,(t-c)) = e +e'y-eift’ -,

where t' = ¢ - bg. This expression for the distortion is valid for relatively smail phase
errors {&; << 0.5 radian) and is guite similar to the solution obtained for the case in which
only amplitude distortion is present except that the echo terms have oppuosite polarity
{Fig. 11h).

For small amplitude and phase distortion the individual compenents of the distortion
function will contribute an independent set of paired echoes, so that the effect of the
composite amplitude and phase distortion is described by

HOb al
5 {ejt' +c'y-eit’ -] + > le,(t' +e) +et ~o)].

Zeg{ty =

This equation, as depicted in Fig. 11c, shows that the effect of a composite amplitude
and phase distortion is the generation of a number of echoes of varying magnitude, some
of which will be negative. The spacing belween the paired signals will depend only on
the number of cycles of the distortion function over the duration of the uncompressed
puise. For example, if there are five eycles of the distortion function over the nominal
bandwidth, then the first set of paired echoes will be approximately five compressed pulse
widths removed from the center pulse location. The nominal bandwidth of a chirp pulse
is approximately 2D/T, where T is the length of the uncompressed pulse and I} is the
dispersion factor or compression ratio. Conversely, if the distortion function is a siowly
changing function over the nominal band, the paired echoes may substantially overlap
with the undistorted signal output or center pulse. When this happens, it is possible to

22
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aqe,(t)
g a g, o

T[ei(i'*c)] AR [:efl"-c)]

m 2

‘i: N
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(a) Effect of amplitude distortion only

bo

agglt)
gt o

ol il
r——— N +
) g c [
] |
AT
Lc;wcybl
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(b} Effect of phase distortion only

a.b a,e.{t}
&) e [eimm] o

909 / ‘|l %:I [ei“"c’]

2l | N
L-C’--u-c'-bu a, b [E
i

C—s—1¢ 2

bo

(c) Effect of both a small amplitude distortion and a small
phase distortion

Fig. 11 — Effect of phase and amplitude distortions on the wave-
form at the output of the compression filter. (Because balane-
ing of the bridge in this experiment suppresses the undistorted
signal at the output of the compression line, the undistorted
signal is dashed.}

obtain various patterns of cancellation and reinforcement in the composite. waye f'l'rm:','.
depending on the coefficients of the Fourier expansion representing the phas
tude distortion function. ’

Spectral Analysis of Pulse-to-Pulse Variations

monitoring and recording of the output of the pulse-compression filter for ::bqul
balanced and unbalanced conditions of the bridge circuit. -

In the balanced condition the reference arm of the bridge is adjusted to-obtain a
maximum depth of the null. The undistorted center lobe of the time-domdin nse. is
then canceled out by the bridge network. The nulling scheme increases the. seng '
effective dynamic range of the experiment and exposes the residue which results: iy
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distortion-induced time sidelobes. The waveform at the output of the compression fitter
is manitored on a pulse-to-pulse basis for consecutive pulse trains, each of which is long
in terms of the processing cycle.

In the unbalanced condition the arm of the bridge containing the module remains
identical with the arm in the corresponding balanced-condition measurement but the
reference arm is opened and terminated in a 50-ohm load. This operation has the effect
of removing the reference arm, and no cancellation of the carrier oceurs. Therefore the
output of the compresgion filter is the normal time-domain response as it wouwld oceur in
a typical radar application. The output of the compression filter was monitored as for
the nulled case.

The characteristics of the input signal and of the pulse frain weore esseniially dictated
by the AEW application and, to some extent, by limitations of the equipment used in the
experiment. As in the firsi-phase measurements, the mput signal was the expanded
puise generated by the expansion-compression line. This expandad pulse is a linear FM
signal with a rectangular modulation envelope 120 us long. The nominal bandwidth is
13 MHz about a center frequency of 40 MHz. The pulse repetition frequency {PRF) was
chosen to be 300 Hz, and the frequency was synchronized with and derived from a highly
accurate and stable 5-MHz master timer. The length of the pulse train was chosen tq be
long compared with the radar processing cycle, yet not so large as to exceed the real-time
recording capabiiily of ihe equipmeni used in the experiment. Curreni estimaies indicaie
that a processing cycle consisting of 16 to 24 pulses will be sufficient for future AEW
applications. The pulse trains were necessarily recorded in real time. Since the recording
equipment could not transfer the data to magnetic tape at this rapid rate, it was necessary
to use a random-access memory as an interim storage. The PDP 11-40 computer then
transferred the data onto magnetic tape at a reduced data rate. A pulse train containing
128 pulses was chosen based on the preceding considerations.

Both in-phase (I} and quadrature (Q) samples were taken at a rate equal {o the PRF.
Thevefore the sampling rate was 300 complex samples per second. This is consistent with
the requirements set forth by the sampling theorem of Papoulis [7,p.118] for a total
bandwidth of 300 Hz. The set of data from a pulse train consisted of 256 samples, of
which one group of 128 samples consisted of T samples and the other group of 128
consisted of @ samples. The T and @ samples were made up of 128 eomplex values, each
of which corresponded with the output of the compression filter for one of the 128
puises forming the pulse frain. These complex values were fed into a discrete Fourier
transform (DFT), which derived the spectrum in the frequency domain. The magnitude
of this spectrum was then squared to obtain the power-spectrum representation. Many
pulse trains were availabis foy each test condition. A more representative power spectrum
was generated by performing the DFT on ten pulge-traing and averaging the power spectra
at each frequency.

A computer program was written to perform the preceding operations and also o
compute the mean and the standard deviation of the T and Q samples. This program will
be referred to as the spectrak-analysis program. A sample set of input data for the pro
gram is given in Fig. 12. Thig corresponds with the data for a single pulse-train and was
taken when module 37Tm was under test. The output of the computer program for this
module ab 1328 MHz is given in Fig. 13. The ouipul includes the mean value and
standard deviation of the 1 and @ data and a plot of the spectral density.
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INPUT TO FFT

37.0000 164.0000  46.0000 173.0000  43.0000
42.0000 170.0000 41.0000 170,0000 45,0000
42,0000 170.0000  46.0000 173.0000  41.0000
38.0000 166.0000  47.0000 175.0000  45.0000
42.0000 170.0000  42.0000 171.0000  46.0000
37.0000 165.0000 46.0000 173.0000  42.0000
42.0000 170.0000  41.0000 170.0000  47.0000
42.0000 170.0000 46.0000 174.0000  41.0000
38.0000 166.0000 47.0000 175.0000  46.0000
41.0000 168.0000 42.0000 172.0000  46.0000
36.0000 165.0000 45.0000 173.0000  42.0000
42.0000 170.0000 40.0000 170.0000  45.0000
42,0000 170.0000 45.0000 173.0000  41.0000
37.0000 166.0000 46.0000 175.0000 46,0000
44.0000 172.0000 37.0000 167.0000  46.0000
39.0000 169.0000 41.0000 169.0000  42.0000
45.0000 175.0000 35.0000 164.0000  45.0000
46.0000 175.0000 41.0000 169.0000  40.0000
41.0000 171.0000 42.0000 172.0000  46.0000
46.0000 173.0000 37.0000 167.0000  47.0000
40.0000 169.0000  41.0000 169.0000 42.0000
46.0000 175.0000 36.0000 164.0000  45.0000
46.0000 175.0000 41.0000 170.0000  41.0000
41.0000 172.0000  42.0000 170.0000  45.0000
45.0000 174.0000 37.0000 166.0000  46.0000
40.0000 169.0000 41,0000 162.0000  42.0000
45,0000 175.0000  36.0000 165.0000  45.0000
46.0000 175.0000 41.0000 169.0000  41.0000
41.0000 172.0000 42.0000 171.0000  45.0000
46.0000 174.0000 37.0000 166.0000  46.0000
40.0600 170.0000 41,0000 170.0000  41.0000
45,0000 175.0000 36.0000 165.0000  45.0000

Fig, 12 — Sample set of input data for the spectral analysis program
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172.0000
173.0000
170.0000
173.0000
175.0000
171.0000
174.0000
170.0000
174.0000
175.0000
1720000
173.0000
170.0000
175.0000
175.0000
172.0000
173.0000
170.0000
175.0000
176.0000
171.0000
173.0000
170.0000
174.0000
175.0000
171.0000
173.0000
170.0000
174.0000
172.0000
173.0000

47.0000 -
42,0000
47.0000.
486.0000
47,0000 .
42,0000  171.0000
47.0000 1750000
41,0000, 170.

46.0000
47.0000
41,0000
45,0000 -
39.0000- :

L

45.0000 -
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Fig. 13 — Spectral response of module 37m (transmit, 1326
MHz), computed and plotted by the computer program
using the input data of Fig. 12,

DISCUSSION OF THE SPECTRAL DENSITY

processor is of prime importance in an AEW system. The characteristics of this signal are
affected by a multitude of factors including effects of the target, of the system iiself, and
of the environment in which the system must function. Techniques have been developed
to aid the system in separating the contribution due to each effect. Problems arige when
the system is unable to distinguish these contributions from one another. The system
effectiveness can be severely limited if the effects normally associated with the target are
produced by the operation of the system itself.

In the case of the spectral density it was assumed that all signals which appear in the
doppler-frequency domain are induced by the target. If spurious sidebands or signals are
present which are not target induced, then gome means must be used to discrimainate
against these signals. If the spurious sidebands are much smailer than the carrier, then
the discrimination could be based on the power content. If the spurioug sideband occurs
at a frequency other than that of interest, then this could be the basis for distinguighing
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one signal from the other. But if the signal appears in the doppler domain at a level
which corresponds to a target size of interest for that range cell, then the detection. -
capability of system must suffer, because the signal will be represented as a targ

In the second phase of the experiment, data were taken fo permit the ca_lcu t'ie?n_;jpf'
the spectral density of various combinations of modules. The combinations

were the module in the transmit mode, the module in the receive mode, and: tw
in cascade, one in the transmit mode and the other in the receive mode.

Thig is a measure nf f"ht-\ mn

L 2EE3 A3 A AAITRSwAD

snectral resnonse occurs at zero dnnnim" freauency,

s e il Al rariasn ALl LTivs [ A A e L

norrnal value of the compressed pulse of the linear FM signal. In the ul..
to pulse variations the spectral response would be limited to an impuls« !,

65 dB down relative to the mean sample power of canceled output or approx 7
dB down relative to the signal (30 dB being the nominal difference in the power:levels-
for the balanced and unbalanced conditions of the bridge}). A series of specir ;
which rise from this low level up some 30 dB to the level of -65 dB relative:t

carrier.

Figure 14 is a repeat of the spectrum of module 37m except that the speetra
been averaged over ten pulse trains. Each of the ten pulse trains consists of1;
thus the spectra in Fig. 14 and subsequent figures are averaged over 1280 pulses
expected, the averaging operation tends to smooth out the response and ther
make the frequencies at which the module’s contribution ig gignificant more vi

subsequent plots averaged over ten pulse trains,

Peaks also occur at the power-supply frequency and at all of its harmonies. ..
peaks occurred even though high-quality laboratory power supplies were used.
tests and special care was taken to prevent grounding problems. Thus the spectrai-density
data must be viewed with this in mind. It is an open question at this time whether the
peaks attributed to the power-supply ripple and its harmonics could be » i 1eed by
improved filtering etc. But it is doubtful that in practice much improver: = woiid iv
achieved in an airborne system. o

No attempt will be made to present all the data taken during the exper,_imt
however Figs. 15 through 25 include representative plots of module spectra at
mid, and high RF frequencies for each of the individual test config’urations; i

Figure 15a is a plot of the averaged spectra of module 37m in the transmlt
1326 MHz for the nulled and unnulled test conditions. The curve labeled “C
pertains to the module response when the bridge network has been adjusted. t'
or balanced condition. The curve labeled ““A;, unnulled” is the correspondmg_:
the unnulled or unbalanced condition. The curve designated ‘‘calibration” pert
the response of the bridge network when nulled with a length of transmission lix
stituted for the module. The ‘“‘calibration’ curve, in effect, is the contributio:
set to the measured spectra. The “‘calibration” curve sets a lower limit on the
range of the experiment. Figure 15b is a similar plot of module 47m.
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Fig. 14 — Spectral vesponse of module 37m (transmit,
1326 MHz, averaged over ten putse traitis}

Figure 16 shows the averaged nulled responge for modules 18m, 37m, 43m, 47m,
48%m, 81m, and 88m in the transmit mode at 1326 MHz. Figure 186 also includes the
calibration curve and an indication of the cancellation ratio that is currently achieved.
The calibration spectra curve is substantially below that of the spectra recorded for the
modules. This indicates that the measurement was performed within the dynamic range
of the test set and that the contribution of the test set to the measured spectra is mini-
mal. A similar calibration curve is shown on all subsequent plots. The typical canceila-
tion ratio or improvement factor in preseni-day AEW systems is on the order of 60 dB.
The plot shows that the spectra measured for the modules is below this 60-dB figure at
alt doppler frequencies. With the exception of the power supply related frequencies (60
Hz or multiples thereof)} and sharp spikes at approximately 80, 150, and 220 Hz, the
general level of the module induced spectra lie more than 80 dB below the zero-doppler

TS POTISC,

Figure 17 shows the spectra of modules 47m, 48m, and 88m in the transmit mode
at 1266 MHz. {(Module 31m is not included here due fo a bad tape which prevenied
processing of data.)
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Fig. 18 — Spectral response (nulled response, or 1
data) of modules 47m, 48m, 81lm, and 88 (transmit,
1383 MHz, averaged over ten pulse trains)

Figure 18 shows the spectra of modules 47m, 48m, 81m, and 88m in th
mode at 1383 MHaz.

Figures 19, 20, and 21 show the spectra of modules 48m and 81m in the re
mode at the low, mid, and high frequencies respectively. These plots indicate t;
gpectra introduced by the modules in the receive mode are substantially below: _
duced in the transmit mode. This is as expected, since the receiver sections: of: th
use low-power low-stress-level class-A devices, whereas the transmit gsections em
power high-stress-level class-B and class-C devmes '

Figures 22, 23, and 24 are plots of spectra obtained when modules areico
a cascaded fashlon Two pairs of modules were connected in cascade and obse

one module in the transmit mode feeding (through appropriate attenuatlon) t
module in the receive mode. The module listed first was in the transmit mod e
plots therefore show the combined effect of the two modules under conditipns h are -
quite similar to an AEW system using these solid-state modules for both the tra
receive functions,
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These measurements provide a sensitive indication of module performance
becomes apparent when the frequency of the peaks is considered.

There are additional peaks which do not correlate with the power-supply r;p le or
its harmonics. For instance, Fig. 13 shows peaks at doppler frequencies of. applf”‘ Y
60, 80, 120, 150, 180, 220, and 240 Hz. The peaks at 60, 120, 180, and 240.Hz
correlate with the power-supply ripple or its harmonics and will be ignored here
peaks at 80, 150, and 220 Hz do not correlate with the power-supply rippleii-a-rii

JEFITSN) T Iggh (RSN NS, S P e rmanla wraild o mnocns + i1 o Fawvernt fuen- o cwe "

aluripurcu LU UIIE INHUUReD., J.ut:m: HT<any woulQ oe JHLESTLIL Ul a valgouveiies F *

They will tend to mask targets at these doppler frequencies. The plot s* e~ wi- b
these peaks relative to the normal signal or zero-doppler response. The = k-1, % 100,

and 220 Hz are 76, 73, and 73 dB down from the zero doppler response, and
represent the limitation on the detection capability in an AEW system. ‘

No attempt will be made at this time to account for the remaining peaks.or;side-
bands except to note that they do appear to be contributed by the module. They were
observed consistently for a number of different modules in various test conditions.
Further, they were not present in any of the calibration runs, when a suitable lengﬂl of

cable was substituted for the module.

The presence of these peaks tends to establish a limit on the detection cap hll yl.-of
an AEW system using these modules at these doppler frequencies. The distort ;
represented by the peaks will not be canceled by any known ‘“‘comparison’ -orscaf
tion technique. The signal-to-distortion ratio is in effect a limitation to the u*\i
improvement factor. At the doppler frequency where the distortion appears. ine ameu
limit on the improvement factor is the signal-to-distortion ratio. Or, stated in a‘slight
different manner, the detection capability of the radar ai the doppler frequency )
distortion is limited by the signal-to-distortion ratio.

The impact of the pulse-to-pulse variations indicated by these spectra on present:
AEW systems will be minimal, since the typical improvement factor is below th
A typical improvement factor is 60 dB. Thus a comfortable margin of some 13
exists between the level of the observed spectra and present detection capabil
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